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SUMMARY 

The d r y  hea t  r e s i s t a n c e  of  Bac i l lu s  s u b t i l i s  v a r .  n i g e r  spo res  i n  

and on v a r i o u s  m a t e r i a l s  was determined. D va lues  f o r  spo res  encapsula ted  

i n  epoxy and exposed t o  temperatures of 115, 125, and 135O C were found t o  

= 1.9 hours .  D135 
= 5 . 3  hours, D125 = 1 6 . 1  hours, Dl 15 be r e s p e c t i v e l y :  

The z va lue  fo r  spores  i n  epoxy was 21.4 Centigrade degrees  wi th  a 95% D 
C . I .  of 20.8 t o  2 2 . 1  Centigrade degrees.  D va lues  f o r  spo res  trapped be- 

tween s t a i n l e s s  s t e e l  s u r f a c e s  mated a t  1 2  and 150 inch-pounds and exposed 

f o r  12  inch-pounds = D135 t o  135" C were found t o  range r e spec t ive ly :  

7.9 t o  8.1 minutes and D f o r  150 inch-pounds = 22.0 t o  25.5 minutes. 

Inocula ted  Luc i t e  powders t h a t  were s tored  f o r  two weeks a t  r e l a t i v e  humid- 

i t i e s  of  20, 40, 60, m d  80%, and then formed i n t o  rods  and exposed t o  

135 

135' C were found t o  have D va lues  o f  73.5, 88.7, 67.4, and 36.0 minutes, 

r e s p e c t i v e l y .  
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ECOLOGY AND THERMAL INACTIVATION OF MICROBES I N  

AND ON INTERPLANETARY SPACE VEHICLE COMPONENTS 

INTRODUCTION 

E f f o r t s  du r ing  t h e  Eighth Q u a r t e r  were expended t o  e s t a b l i s h  t h e  

d r y  h e a t  r e s i s t a n c e  of mic rob ia l  spo res  i n  and on va r ious  m a t e r i a l s  and 

t o  de te rmine  the  e f f e c t  of water a c t i v i t y  on t h e  d r y  h e a t  r e s i s t a n c e  of 

encapsula ted  spores .  

EW ERIMENTAL 

Dry Heat Res is tance  of  Spores i n  and on Various Mate r i a l s  

A method f o r  t h e  i n o c u l a t i o n  and recovery o f  v i a b l e  spo res  from epoxy 

r e s i n  was desc r ibed  i n  t h e  Seventh Quar te r ly  Report of Progress ;  methods 

f o r  paper and L u c i t e  were descr ibed  i n  the Fourth and F i f t h  Q u a r t e r l y  Report 

o f  Progress ,  r e s p e c t i v e l y .  A modif ica t ion  of t h e  procedure r epor t ed  i n  t h e  

Seventh Quar t e r ly  Report of Progress  f o r  determining t h e  d r y  h e a t  r e s i s t a n c e  

o f  spo res  trapped between mated s t a i n l e s s  s t ee l  s u r f a c e s  was devised t o  

e l i m i n a t e  t h e  p o s s i b i l i t y  of mois ture  adsorp t ion  by t h e  s t a i n l e s s  steel  

di 'sks du r ing  assembly of t he  p i ece  p a r t s .  

o f  spo res  trapped between mated s t ee l  s u r f a c e s  were c o l l e c t e d  by t h e  pro- 

cedure descr ibed  be low. 

Data on t h e  d r y  h e a t  r e s i s t a n c e  

S t a i n l e s s  s t ee l  washers (#302) w i t h  a No. 4 f i n i s h  were inocu la t ed  

and d r i e d  a t  50" C f o r  1 hours,  a s  described p rev ious ly .  Dry, i nocu la t ed  

-2 -  



washers were mounted on the  male lug with the  inocula ted  su r face  ad jacen t  

t o  t h e  uninoculated No. 4 f i n i s h  of a second washer. Male and female lugs  

were loose ly  threaded toge ther ,  placed i n  TDT tubes ,  and t h e  tubes  and 

torque wrench were sea led  i n  a polyethylene bag conta in ing  s i l i c a  g e l .  

f l e x i b l e  d e s i c c a t o r  was s to red  overn ight  a t  20" C. 

the  p l a s t i c  bag, the  u n i t s  were torqued the des i r ed  amount, t he  bag was 

The 

Working from o u t s i d e  of 

opened, and a c o n s t r i c t i o n  was made i n  the  TDT tubes .  S i l i c a  g e l  was placed 

i n  the  upper w e l l  of  t h e  tubes,  and the  tubes were s to red  i n  a d e s i c c a t o r  

over  s i l i c a  g e l  overn ight  a t  20" C, a f t e r  which t h e  tubes were sea led  a t  

t h e  c o n s t r i c t i o n  and exposed t o  the  t e s t  temperature i n  a s i l i c o n e  ba th .  

Heated tubes  were cooled, washed, s u r f a c e  d i s i n f e c t e d ,  and opened as de- 

s c r ibed  previous ly .  Both washers were placed i n  a t e s t  tube (16 x 15Omm) 

conta in ing  5 m i l l i l i t e r s  of phosphate buffered d i l u t i o n  water .  The tubes  

were placed i n  an u l t r a s o n i c  (Branson A-300) bath  f o r  10 minutes,  and a d i -  

l u t i o n  p l a t e  count of  t h e  l i q u i d  con ten t s  was made as p rev ious ly  descr ibed .  

D va lues  and t h e  corresponding 95% confidence i n t e r v a l s  f o r  B a c i l l u s  

s u b t i l i s  var .  n i g e r  spores  i n  and on var ious materials exposed t o  a d r y  

h e a t  temperature of 135' C a r e  shown i n  Figure 1 and Table 1. It i s  evident  

from t h e  d a t a  t h a t  encapsulated spores  e x h i b i t  a g r e a t e r  r e s i s t a n c e  to  d r y  

h e a t  i n a c t i v a t i o n  than spores  loca ted  on or between su r faces .  Spores lo -  

ca t ed  between s u r f a c e s  torqued a t  150 inch-pounds are  more r e s i s t a n t  t o  

d r y  h e a t  than spores  subjec ted  t o  12 inch-pounds of torque .  

Dry h e a t  decimal r educ t ion  t i m e  curves f o r  B a c i l l u s  s u b t i l i a  v a r .  

n i g e r  spores  encapsulated i n  epoxy r e s i n  and Luc i t e  a r e  shown i n  F igure  2.  
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. D va lues  f o r  Luc i t e  from 105' C t o  160' C have been repor ted  previous ly  

and a r e  summarized i n  Table 2. Table 3 shows D va lues  and 95% confidence 

i n t e r v a l s  obtained f o r  spores  encapsulated i n  epoxy r e s i n  a t  115, 125, and 

135O C f o r  d u p l i c a t e  experiments. 

from a l i n e a r  r eg res s ion  of t he  semilogarithmic p l o t  of D va lues  and t h e i r  

The z value  for epoxy was ca l cu la t ed  D 

' corresponding temperatures,  and wag found t o  be equal t o  21.4 Cent igrade 

degrees  with a 95% Confidence I n t e r v a l  of 20.8 t o  22.1 Centigrade degrees .  

Rela t ionship  of Water ActivLty t o  Dry H e a t  I n a c t i v a t i o n  of Spores 

Encapsulated i n  Luci te  

I n  view of the  r e s u l t s  obtained by Murre l l  and S c o t t  (4) i n d i c a t i n g  

t h a t  t he  water a c t i v i t y  of spores  profoundly in f luences  d r y  hea t  i n a c t i v a -  

t i o n ,  inocula ted  Luci te  powder was s to red  f o r  2 weeks a t  25' C i n  a sea led  

con ta ine r  over var ious  s a t u r a t e d  s a l t  so lu t ions  t o  ob ta in  the  fol lowing 

. Rela t ive  Humidity: 20,  40; 60, and 809.. Assuming t h a t  equi l ibr ium occurred,  

these  condi t ions  would r e s u l t  i n  spore water a c t i v i t i e s  of 0 .2 ,  0.4,  0 .6 ,  

and 0.8.  The e q u i l i b r a t e d  powders were prepared and formed i n t o  rods ac- 

cording t o  t h e  method descr ibed i n  the  Seventh Q u a r t e r l y  Report of Progress  

and D va lues  were obtained a t  135' C (Table 4, and Figure 3) .  These d a t a  

. cor robora t e  the  f ind ings  of Murre l l  and Scot t ,  namely, t h a t  spores  of low 

and high water a c t i v i t y  have lower D values than spores  of i n t e rmed ia t e  

. water a c t i v i t y .  I n  s p i t e  of t he  d i f f e rences  i n  systems employed between 

the  t w o  l a b o r a t o r i e s  (naked spores  f o r  Murrel l  and Sco t t  ve r sus  encapsul-  

a t ed  spores) ,  t he  in f luence  of  moisture  on spore  s u r v i v a l  dur ing  exposure 

t o  d ry  h e a t  i s  marked. 
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The apparent relationship between spore resistance and the material 

Diffusion in or on which the spore is located may involve water activity. 

of water from the spore or from the micro-environment surrounding the spore 

may be prevented by encapsulation in inert material such as Lucite and 

epoxy or by entrapment between surfaces under heavy torque, thus permitting 

maintenance of intra-cellular water activities and/or micro-environmental 

Relative Humidity favorable for survival. Spores impregnated in paper or 

located between loosely mated surfaces or on exposed surfaces may be ex- 

pected by diffusion to readily lose moisture from their surfaces to the 

surrounding hot air and attain internal moisture levels below those afford- 

ing protection. This would be particularly true under non-steady state 

conditions such as in a flowing gas system or in sealed tubes where the 

gaseous volume is large in comparison to the amount of water given up by 

the spores. 

PROJECTED RESEARCH FOR THE NINTH QUARTER 

An effort will be made to further establish the role of water activ- 

ity in the dry heat sterilization process. 

dry heat resistance of spores adjusted to very low and high water activities 

in Lucite. The effect of water activity on the dry heat resistance of 

spores located on various surfaces will also be studied. 

Data will be collected on the 

. .  
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I n a c t i v a t i o n  of Bac i l lu s  s u b t i l i s  va r .  n i g e r  Spores* 

I n  o r  On Various Mate r i a l s  Exposed t o  a Dry-Heat 

Temperature of 135' C 

M a t e r i a l  i n  or on which spores  located 

Scotchcas t  epoxy ( e l e c t r i c a l  r e s i n  #5) 

k p o r e s  encapsulated i n  rods] 

Luci t e  p p o r e s  encapsulated i n  rods  1 
S t a i n l e s s  s t ee l  washers (302 84)  mated a t  

150 inch-pounds of torque  [spores a t  in te r face]  

1 F i l t e r  paper s t r i p s  (1" x 3/8" Whatman IC2) 

! i spo res  impregnated 
i 3 

S t a i n l e s s  s t e e l  washers (302 #4) mated a t  

12 inch-pounds of t o r q u e  spo res  a t  i n t e r f a c e  ] 

S t a i n l e s s  s teel  s t r i p s  (302 IC4 - 1" x 1/8") 

r 
I- ' s p o r e s  on surface7 
i _1 

1 

7 8 

, 

D 135O C 95% 

C.I.** 

1.9 hours  1.7 t o  2 . 1  hours  

1.9 hours  1 .7  t o  2.1 hours  

1.4 hours  1 .3  t o  1.5 hours  

1.3 hours  1.2 t o  1 . 4  hours  

25.5 min. 20.7 t o  33.3 min. 

22.0 min. 18.2 t o  27.7 min. 

16.1 min. 15.3 t o  16.9 min. 

17.2 min. 16.0 t o  18.3 min. 

8.1 min. 7.5 t o  8.8 min. 

7 . 9  min. 6.4 t o  10.3 min. 

2 . 6  min. 2 . 2  to  3.0 min. 

2.9 min. 2 .3  t o  3.8 min. 
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TABLE 2 

Dry-Hea t 
Exposure Temperature 

O C  

105 

115 

120 

- 
125 

135 

1 60 

- 

D Values for Bacillus subtilis var. niger Spores* 

Encapsulated in Lucite Rods 

- .  
D Value 95% Confidence Interval 

32 .0  hours 2 6 . 4  to 33 .6  hours 

28 .8  hours 26.4  to 36.0 hours 

i 
1 5 . 6  hours 13.4  to 17.8 hours 

15.1 hours 13.7 to 1 6 . 2  hours 

6 . 2  hours 5 . 6  to 6 .7  hours 

5 . 9  hours 5 . 0  t o  6.8 hours 

3.1 hours 2 . 5  to 3 . 6  hours 

3 . 4  hours 2.9 to 3 . 9  hours 

1.4  hours 1 . 3  to 1 . 5  hours 

1.3 hours 1.2 t o  1.4 hours 

4 . 6  minutes 4.4 to 4 . 8  minutes 

4.1 minutes 3 . 6  to 4 . 5  minutes 
I 
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TABLE 3 

D Values for B a c i l l u s  s u b t i l i e  var. n i g e r  Spores* 

Encapsulated i n  Epoxy Rods 

Dry - Hea t 
Exposure Temperature c 

135 

8 * Inoculum = 1 x 10 spores 

95% Confidence I n t e r v a l  I (Hour 8 )  

D Value 
(Hours) 

1 6 . 1  

1 6 . 1  

5 . 3  

5 . 3  

1 . 9  

1 . 9  

1 5 . 2  to 17 .2  

1 5 . 2  to 16.8 

5 . 1  t o  5 . 7  

5 . 0  to 5 . 6  

1 . 7  to 2 . 1  

1 . 7  t o  2 . 1  

per gram 
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TABU 4 

Influence of Water Activity on Inactivation of 

BacilZus subtilis var. niger Spores* Encapsulated in Lucite and 

Exposed t o  Dry Heat 

Water Activity 
2 W  

0.2 

0 . 4  

0.6 

0 . 8  

0 . 9  

D 135' C 
(Minutes) 

95% Confidence Interval 
(Minutes) 

1 
I 

67.5 to 80 .5  I 73.s 

88.7 

67.4 

83.9 to 94.1 

60.6 to 75.9 

33.1 to 39 .2  I 36 .O 

3 to 5"" - - - -  
I 

a * Inoculun = 1 x LO spores per gram 

** Preliminary data 
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FIGURE 2 

TEMPERATURE, "C.  

DRY HEAT DECIMAL REDUCTION TIME CURVES FOR 
bdh var. niget SPORES 



FICfRI 3 

I 

I 

I 

WATER ACTIVITY ( a w )  

I N F L U E N C E  OF W A T E R  A C T I V I T Y  ON D R Y  H E A T  

R E S I S T A N C E  O F  Bacillur subtilir var. nigm S P O R E S  
E N C A P S U L A T E D  IN L U C I T E  


